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Chapter 1
Background

Carlsbad Municipal Water District (CMWD) desires to evaluate the feasibility of
using Mahr Reservoir for seasonal storage in CMWD's recycled water
distribution system. This evaluation's purpose is to investigate mitigation for
historical reservoir operational problems, analyze the effect of this storage volume
at various system expansion milestones, evaluate specific reservoir improvements
and determine the best combination to pursue, provide an opinion of probable
cost, and recommend a course of action for implementation.

Mahr Reservoir Physical Properties

Mahr Reservoir is owned and operated by Vallecitos Water District (VWD). The
reservoir is an unlined and uncovered basin formed by a jurisdictional earthen
dam, with a crest elevation of approximately 598.5 feet. The reservoir bottom
was originally established at approximately 542.5 feet and the spillway elevation
is at approximately 594.5 feet. Possibly to allow for storm retention, the
maximum operating pool was set in the original facility design at approximately
593.0 feet. For this evaluation, to allow for continued submergence of a possible
aerationldestratification system, and to avoid water quality problems associated
with shallow storage volumes, a minimum operating pool was set at
approximately 555.0 feet, which would maintain a minimum water depth of
approximately 12.5 feet.

The effective working storage volume associated with the difference between the
maximum and minimum pools is approximately 151 acre-feet (AF), or
approximately 49 million gallons (MG). The water surface area at maximum pool
depth is approximately 7.7 acres. Figure 1-1 provides recent photos of the
reservoir dam crest and spillway. Figure 1-2 provides reservoir volume and area
curves in relation to water depth, expressed as feet of elevation above mean sea
level (amsl).

Inflow and outflow occur through a concrete structure located near the reservoir
bottom at the upstream dam toe. This structure has grated, unvalved ports, and is
serviced by an 18-inch diameter pipeline that passes underneath the dam and
connects with another concrete structure at the downstream dam toe.
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Background

Mahr Reservoir Operational Issues

Ongoing water quality problems experienced by VWD prompted installation of
fine screens and implementation of associated procedures at their Meadowlark
Water Reclamation Facility (WRF) for treatment of all water withdrawn from the
reservoir. Historically, during normal operation, effluent from the WRF was
pumped to Mahr Reservoir. Outflow from Mahr Reservoir flowed by gravity
through a 20-micron microscreen to remove algae before it was pumped again
into the recycled water distribution system. Microscreen effluent could then
either flow through a chlorine contact tank or directly into the recycled water
distribution system pumping station wet well. However, because of continued
odor and algae complaints by recycled water customers, with Mahr Reservoir as
the suspected source, the reservoir was taken out of service in 1998. Since that

time there have been no further complaints regarding odors and algae.

Other Seasonal Storage Reservoirs

As a basis for comparison, this evaluation reviewed design features and operating
histories of other recycled water seasonal storage reservoirs with volumes
approximately equal to or greater than Mahr Reservoir's. However, relatively
few such seasonal storage reservoirs exist. Three of them are located in Orange
County. Sand Canyon and Rattlesnake Reservoirs are owned and operated by
Irvine Ranch Water District (IRWD), and have total volumes of 800 AF and
1,200 AF, respectively. Upper Oso Reservoir is owned and operated by Santa
Margarita Water District (SMWD), and has a total volume of 4,000 AF. All three
reservoirs have been in recycled water service for over 20 years.

The City of Santa Rosa, located in northern California, owns and operates several
recycled water storage reservoirs. The largest has a volume of 2,000 AF and has
been in service for approximately 16 years. Their next two largest reservoirs have
volumes of 1,100 AF and 700 AF, respectively, and have been in service for
approximately 22 years. All three reservoirs have relatively flat bottoms, with an
average water depth, when full, of 24 to 25 feet. All three reservoirs are
surrounded by man-made berms, with virtually no tributary drainage area. For
this evaluation, these three reservoirs are designated Santa Rosa A, Santa Rosa B,
and Santa Rosa C, respectively.

In discussing design and operation of these reservoirs with respective agency
staff, several features emerge for possible application at Mahr Reservoir:

o Relative size and watershed management of upstream tributary area
o Average water depth of full reservoir
o Combination of treated wastewater with other water supplies
o Nutrient removal from treated wastewater

o Use of multiple-port inlet/outlet (I/O) works
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o Use of an aerationldestratification system
o Chlorination of reservoir outflow
o Other treatment of reservoir outflow

o Use of basin lining and covering

Table 1-1 presents a matrix of these features, listed in the same order, and their
involvement at the six above-noted, existing seasonal storage reservoirs. One of
the most significant features to emerge in this evaluation appears to be the relative
size and watershed management of upstream tributary area. By far the most
problematic in this regard of the three reservoirs that have significant tributary
area is Sand Canyon Reservoir. Runoff from a large upstream tributary area
carries in fine, colloidal material and algal nutrients, difficult to treat in reservoir
outflow. Upper Oso Reservoir appears least problematic in this regard of the
three. The ratio of tributary area to total reservoir volume for Sand Canyon
Reservoir is approximately ten times larger than Upper Oso Reservoir's ratio.
Mahr Reservoir, like the three Santa Rosa reservoirs, has almost no upstream
tributary watershed area.

I

Table I-lather Seasonal Storage Reservoir Features ISand
Rattle-UpperSantaSantaSanta

Feature
CanyonsnakeOsoRosa ARosa BRosa C

Tributary watershed area
LargeSmallSmallNoneNoneNone

Average water depth
15a ft15a ft30 ft25 ft24 ft24 ft

Combined with other supplies
NoYesNoNoNoNo

Nutrient removal at plants

MinorbMinorbNoMinorcMinorcMino{

Multiple port I/O works

YesYesYesYesNOdNOd
Aerati on/Destratification

YeseNofYesNoNoNo

Chlorination of outflow

YesgYesgNoNoNoNo
Other treatment of outflow

YeshNoiNoiNoNoNo

Basin lining and covering
NoNoNoNoNoNo

General problem history

YesNoNoNoNoNo

a) Estimated.

b) Partial nitrification/denitrification practiced at IRWD's Michelson Water Reclamation Plant, but not primarily for
reservoir water quality.

c) Partial nitrification/denitrification practiced at Santa Rosa reclamation plant for last few years, but primarily
motivated by regulatory requirement for winter river discharge.

d) Have some turbidity problems with single port and seasonally low water levels.
e) System installed in 1999 with successful performance.
t) Water quality tends to be good without aeration, but installation will be evaluated in 2000.
g) Initially practiced for chemical oxidation of sulfides; later continued partially to maintain a chlorine residual in the

associated distribution system.
h) Have tried several types of relatively expensive filtration systems, with varied success.
i) Have only occasionally used Adams strainers.
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The other significant feature to emerge in this evaluation appears to be the
average water depth of a reservoir when full. Santa Rosa staff reported no
significant algae growth or other depth-related water quality problems when water
depths were predominantly greater than about 8 feet. This meant their three
largest reservoirs only suffered problems on the occasions when they were
drained to within a few feet of their bottoms. Their two smaller reservoirs (not
noted above), with volumes of approximately 200 to 300 AF, have average depths
of about 4 feet and have been regularly plagued with algae and related water
quality problems. The City has employed algae harvesters and barrel filters to
mitigate these problems, with moderate success after considerable effort. Mahr
Reservoir's average water depth when full is about 25 feet, and the planned
minimal pool depth is 12.5 feet.

Application of the above considerations is explicitly made to Mahr Reservoir in
Chapter 4.
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Chapter 2
Basis of Evaluation

Design criteria and basic cost data presented herein apply to concept and
preliminary level design and layout of recycled water system components.
Detailed drawings and specifications are not required in such layouts. For this
level, a close approximation of size, location, and cost of various facilities is
developed. As a result, some relocation and resizing of facilities may be required
at a later date as more detailed engineering analyses are made during final design.

Facility sizing is based on future recycled water requirements listed and
developed in Chapter 3. Criteria and standards governing design of proposed
facilities are assumed to use quality design, materials, and construction. Further,
it is assumed that proper attention will be given to considerations such as
appearance, landscaping, operation and maintenance efficiency, and service
reliability. In planning future facility needs, an effort has also been made to
effectively use existing components where practical.

Proposed facilities described in this evaluation are planned as component parts of
a system to serve the projected recycled water requirements of CMWD's
proposed Phase II expansion to a system demand of approximately 5,400 acre-feet
per year (AFY). Some attention is also given to those improvements required for
ultimate expansion to a system demand of approximately 9,800 AFY.

Facility Sizing Criteria

Demand Criteria. Monthly demands are used to determine seasonal supply and
storage needs for the recycled water system. The ratio of peak-month to average
month demand, or peak-month factor, is ultimately used in determining pumping
and operational storage capacities.

Hourly demands are directly used in determining pumping, operational storage,
and pipeline capacities, and are determined by the average-day use during the
peak month, multiplied by the ratio of 24 hours over the length of the regular
daily irrigation period in hours. For example, in calculating peak-hour demands,
the peak-month factor would be multiplied by two if a 12-hour irrigation period is
assumed, or multiplied by three if an 8-hour irrigation period is assumed.
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Basis of Evaluation

System Pipeline Criteria. System piping should be evaluated under all demand
conditions, but performance assessment is typically most critical under peak-hour
demand conditions. Generally, pipelines 12-inch and greater in diameter are
considered transmission pipelines. Because transmission pipelines impact large
areas, they can accumulate large head losses from long pipe runs. These large
pipeline friction losses associated with high fluid velocities need to be evaluated
with respect to system delivery capacity, and contribution to lowered system
pressures and excessive energy consumption.

Transmission pipelines are considered undersized if water velocities exceed 3 feet
per second (fps) and head losses exceed 10 feet of head per 1,000 feet of pipe.
Distribution pipelines are considered undersized if velocities exceed 5 fps and
head losses exceed 10 feet of head per 1,000 feet of pipe. However, these criteria
are only a guideline, and higher velocities and head losses may be tolerable under
certain operating conditions such as system emergencies, and within short lengths
of pumping station or reservoir yard piping where impact on system pressure is
minimal.

Project Cost Data

Project cost is defined as the total capital investment necessary to complete a
project, including costs for land acquisition, construction, contingencies, all
necessary engineering services, and overhead items such as legal and
administrative services, and financing. Probable construction cost opinions
developed in this report include an allowance of 20 percent for contractor
administrative expense, general overhead and profit (OH&P). Total project
capital cost includes allowance for contingencies at 20 percent, and engineering
and administration at 15 percent.

Construction Costs. Probable construction cost opinions cover materials, taxes,
labor, mobilization/demobilization, and services necessary to build proposed
facilities. These costs derive from current or adjusted historical cost information
and are intended to represent median prices anticipated for each type of work.
Cost estimating guides, previous studies, cost curves, and recent contract bids
were used to develop cost information.

In an evaluation such as this, cost opinions are considered as defined by the
American Association of Cost Engineers for preliminary design. These are
opinions made without detailed engineering data and have an expected accuracy
range of plus 30 percent to minus 20 percent. Actual project costs will depend on
future labor and material costs, market conditions, project-specific details, and
other variables. The allowance of 20 percent for contractor OH&P is calculated
from the subtotal of all other construction costs, the addition of which results in
the total construction cost.
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Basis of Evaluation

Cost Index and Price Escalation. Construction costs typically undergo long
term changes in keeping with corresponding changes in the regional and national
economy. A commonly accepted barometer of these changes has been
Engineering New Record's Construction Cost Index (ENRCCI), which is
computed from prices of construction materials and labor, and is based on a value
of 100 in the year 1913.

As indicated on Figure 2-1, construction costs have been steadily increasing for
many years. This figure shows ENRCCI's aggregate rate of increase for 20 major
US cities, which is considered representative of construction costs in the San
Diego area and, therefore, in CMWD. Project and construction costs in this report
are based on a projected ENRCCI of 6,130 for January 2000 in the San Diego
area.
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Figure 2-1 Engineering News Record Construction Cost Index

Construction Contineencies. A contingency allowance covers uncertainties
associated with project design. Factors such as unusual foundation conditions,
special construction methods, variation in final lengths or average depths of
pipeline, and construction adjacent to existing facilities are just a few of the many
items that may increase construction costs, and for which an allowance is made in
preliminary design cost opinions. The cost of these items can vary greatly
depending on the type and magnitude of project. An allowance of 20 percent of
total construction cost is assumed to cover such contingencies, the addition of
which results in the subtotal project cost.

Eneineerine and Administration. The cost of engineering services for major
construction projects includes some or all of the following: special investigations,
surveys, foundation explorations, locating interfering utilities, detailed design,
preparing contract documents, construction inspection, office engineering,
materials testing, final inspection, and start-up of the completed project.
Depending on the size and complexity of project, total engineering, legal and
administrative costs may range from 7 to 40 percent of the contract cost. The
lower percentage usually applies to relatively large projects, simple projects, and
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Basis of Evaluation

those not requiring a large amount of preliminary investigation. The higher
percentage usually applies to smaller projects, projects requiring a great deal of
engineering effort, or those requiring a relatively large amount of preliminary
work. An allowance of 10 percent of subtotal project cost is assumed for this
report.

CMWD administration charges are assumed to cover items such as legal fees,
financing expenses, administrative costs and interest during construction. The
cost of these items can vary, but for the purpose of this evaluation, administration
charges are assumed to equal approximately 5 percent of subtotal project cost.
The average total cost of all necessary engineering plus administrative services is
therefore assumed to be 15 percent of the subtotal project cost, the addition of
which results in the total project cost.
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Chapter 3
Supply/Demand/

Storage Analysis

Mahr Reservoir has the potential to provide seasonal, emergency and operational
storage for CMWD's recycled water system. The first two storage types are
analyzed in this chapter. Operational storage analysis is part of ongoing related
work, but outside this evaluation's scope. Results of that analysis and those of
this chapter are used in Chapter 5.

Seasonal Storage

Three expansion milestones were selected at which to assess Mahr Reservoir's
possible seasonal benefit to CMWD's existing and planned recycled water
system:

(1) Current situation, representing an annual system demand of approximately
1,800 AFY

(2) Completion of Phase II, representing an annual system demand of
approximately 5,400 AFY

(3) Ultimate expansion, representing an annual system demand of approximately
9,800 AFY

Three CMWD system scenarios were selected to quantify the reservoir's benefit
at each milestone:

(A) System supply/demand fully balanced by hypothetical seasonal storage
(B) System supply/demand balanced with no seasonal storage
(C) System supply/demand balanced with Mahr Reservoir working storage

Demands. All scenarios used the same recycled water demand hydrograph,
which was developed from the last five complete years of actual CMWD metered
demand. A listing of monthly demand values and related statistics for the years
1995 through 1999 is provided in Appendix A. Because the months in which
peak and minimum demands occur are not the same from year to year, a simple
average of each month, as shown in the second-to-Iast row of the table in
Appendix A, does not result in representative factors for accurately modeling and
projecting system demand variations. Rather, it tends to reduce peak demands
and increase minimum demands. Therefore, this simple average was adjusted by
an algorithm to preserve the true average peak-month and minimum-month
factors, which is more representative of historical seasonal fluctuations. This
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Supply/Demand/Storage Analysis

adjusted average is shown in the last row of the same table. The resulting
adjusted peak-month factor of 2.10 is used for subsequent facility analysis.

A unit hydro graph was developed for monthly irrigation demands based on this
adjusted five-year system average. Figure 3-1 is a graphical representation of the
adjusted hydro graph. Based on these adjusted factors, July has the representative
peak-month demand and January has the representative minimum-month demand.
This hydro graph is typical of recycled water monthly demand variations and
reflects typical southern California irrigation cycles.
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Figure 3-1 CMWD Recycled Water Demand Hydrograph

Supplies. Existing and planned CMWD recycled water supply sources include
the following:

o Carlsbad Advanced Wastewater Treatment (AWT) facility, to be constructed
by CMWD at the Encina Water Pollution Control Facility (WPCF), owned
and operated by the Encina Water Authority

o Meadowlark WRF, owned and operated by VWD
o Gafner Water Reclamation Plant (WRP), owned and operated by Leucadia

County Water District

Based on CMWD preferences, for this evaluation it is assumed that production
capacities of these plants would be used in the order listed above. Estimated
available peak-month plant supply capacities in million gallons per day (MGD)
and acre-feet per month (AFM) for each of the three milestones are listed in Table
3-1. Calculated required plant supply capacities for each scenario, which are
sometimes less, are discussed below.
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Supply/Demand/Storage Analysis

Table 3-1 CMWD Recycled Water Supply Availability
Estimated Peak-Month AvailabilitvCurrent

Phase IIUltimate
Supply Source

MGDAFMMGDAFMMGDAFM
Carlsbad AWT

0.0004.0037415.01,40 1
Meadowlark WRF

1.701592.001873.0280
Gafner WRP

0.75702.001872.0187
Total

2.452298.0074720.01,868

Seasonal Balancine. A computerized spreadsheet model of CMWD's recycled
water system was developed to test monthly supply/demand balances, and the
resulting use of seasonal storage. The model was applied to each of the three
scenarios at each of the three milestones, for a total of nine analyses. For those
analyses using Mahr Reservoir as seasonal storage, reservoir filling was assumed
to occur in January and February, the two lowest demand months. Copies of
these analyses are found in Appendix B and labeled by milestone and scenario:
lA, IB, lC, 2A, 2B, 2C, 3A, 3B, and 3C.

A critical test for seasonal supply/demand balancing is satisfying peak-month
demand, either directly from one or more supply sources, or from a combination
of direct supply and water returned from seasonal storage (reservoir outflow).
Peak-month results in AF from the nine analyses are summarized in Table 3-2.

Table 3-2 CMWD Peak-Montha SupplylDemand Balance
Peak-Month Volume, AFb

Total
Milestone/

Required SupplyFromStorage
Scenario

DemandCarlsbadMeadow.GarnerOtherCStorageVolume, AF
1 - Current A

3150150 00165 548

B
3150159 7086 00

C

3150159 701670151

2 - Phase II A
94537476004951,644

B
945374187187198 00

C

94537418718762136151

3 - Ultimate A
1,7168170008992,983

B
1,7161,4012803500 0

C
1,7161,40116400151 151

a) Peak month assumed to be July, with a peak-to-average-month ratio of2.1O, based on Figure 3-l.
b) Because of round-off, sums of volumes may differ by ±l AF.
c) Other supply capacity assumed to be supplemented potable water.

In assessing Mahr Reservoir's seasonal benefit to CMWD's system, it is helpful
to compare the reservoir with an equivalent peak-month supply source, both in
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volume delivered (AF) and equivalent production rate (MGD). The estimated
volume delivered from storage by Mahr Reservoir is shown in the second-to-last
column for Scenario C under each of the three milestones in Table 3-2. It is also a

useful perspective to see what fraction Mahr Reservoir's storage would represent
of the total seasonal storage needed to fully balance the recycled water system for
each of the three milestones. These data are summarized in Table 3-3.

Table 3-3 Mahr Reservoir Seasonal Benefits to CMWD
Equivalent

Fraction of
Peak-Month

Peak-MonthFully- Balanced
Supply

Production RateStorage
Milestone

AFMGDpercent
Current

700.7528
Phase II

1361.469
Ultimate

1511.625

Because of production limitations in planned Phase II Meadowlark WRF and
Carlsbad AWT expansions, 62 AF of other supply (probably potable water), in
addition to Mahr Reservoir, would be needed to balance peak-month Phase IT

demands under Scenario 2C.

Emergency Storage

Mahr Reservoir's emergency storage benefit to CMWD's system depends on total
recycled water production capacity available, demand on the distribution system,
and volume of water in the reservoir, all at the time of the emergency, and time of
year. Because of such a wide range of variables, only a sample analysis was
performed, using the same computerized spreadsheet model noted above. As an
analytical basis, the model was applied to the Phase II milestone Scenario 2C (see
Appendix B), in which the routine seasonal filling of Mahr Reservoir occurred in
January and February. After an assumed emergency draw-down to offset
simulated lost supply in a given month, the model was constrained to refill the
reservoir as quickly as possible so to be full in May, leaving the reservoir
available to provide its full seasonal storage benefit. The simulated supply loss
was constrained to be subsequently offset by recycled water production, up to
maximum available rates, without the use of additional potable water supplement
(beyond that already estimated for Scenario 2C).

Given these constraints, there were only three months during which the reservoir
could provide emergency supply: February, March and April. Three simulations
were run, one for an emergency supply loss in each of those three months. Copies
of these analyses are found in Appendix C and captioned by volume and month of
supply loss, all being labeled Scenario 2D. The following emergency storage
(supply loss offset) could be provided by Mahr Reservoir: in February, 149 AF;
in March, 151 AF; and in April, 131 AF.
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If water were stored in the reservoir-beyond the minimum operating pool
volume--over more of the year, say starting in the fall, emergency supply could
be available for more months. To maintain the full seasonal benefit discussed in

the previous section, no emergency storage would be available May through
September. It is important to correctly condition emergency storage availability,
so as not to inappropriately "double-count" Mahr Reservoir storage for both
seasonal and emergency purposes.
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Chapter 4
Facility Alternatives

Possible Facility Improvements

Mahr Reservoir's recycled water system benefit accrues both from seasonal and
emergency storage value, noted in Chapter 3, and operational storage value,
discussed in Chapter 5. To realize these values, facility improvements are
required to mitigate known problems. These improvements could occur at the
reservoir, or at other locations to affect water quality of reservoir inflow and/or
outflow. The following improvements have been considered:

o Removing nutrients from reservoir inflow at the wastewater treatment plants
o Modifying the existing reservoir I/O works, with multiple ports for best

seasonal water stratum selection

o Adding an aeration/de stratification system in the reservoir
o Adding chlorination to reservoir outflow
o Reusing existing microscreens, either at Meadowlark WRF or relocated to

Mahr Reservoir, to remove suspended material from reservoir outflow
o Adding reservoir lining and covering

Wastewater Inflow Nutrient Removal. Phosphorus and nitrogen are
macronutrients for algae and other plant growth. Both constituents are typically
present in wastewater at concentrations many times higher than growth limiting
values. Removing phosphorus from reservoir inflow would typically involve
chemical precipitation as part of primary treatment at a wastewater treatment
plant. Removing nitrogen would typically involve nitrification/denitrification as
part of secondary treatment at a wastewater treatment plant.

While Meadowlark WRF is physically closest to Mahr Reservoir, planned
system-wide recycled water production, as illustrated in Chapter 3, projects
Carlsbad AWT production to dominate the recycled water blend, even in Phase II.
In addition, Gafner WRP's Phase II production is projected to be comparable to
Meadowlark WRF's. Therefore, one or both nutrient removal processes would
have to be implemented at all three plants to substantially control nutrients.

Each nutrient removal process adds significant cost to a wastewater treatment
plant's liquid stream and incidental cost to a plant's solids stream. While
substantial nutrient reduction at each plant would help control algae growth in the
reservoir, the nutrient loss is a disbenefit to the recycled water system's irrigation
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customers. Various studies have valued the typical wastewater nutrient fertilizer
"credit" at $40 to $50 per acre-foot. Estimating the precise benefit to the reservoir
of a given amount of nutrient removal would require a detailed analysis of the
combined plant effluents and water stored in the reservoir. The analysis would
then determine limiting nutrient quantities, which typically involve very low
concentrations, as treatment process target values. These estimations are beyond
this evaluation's scope, and this candidate improvement is not considered further.

Modified I/O Works. The current reservoir I/O works has only one set of
openings around elevation 550 feet, only a few feet above the basin bottom. An
improved I/O works would have multiple sets of openings, say four additional,
equally spaced, approximately 9 feet apart vertically. This would allow selective
water withdrawal from the stratum having the seasonally best water quality, e.g.,
avoiding a layer of algae in the top 5-10 feet of water, and avoiding intake of
bottom sediment.

There are two basic I/O works configurations: a free-standing tower rising from
the reservoir bottom, and a laid-back structure secured to the upstream dam face.
A free-standing tower could in concept be constructed on top of the existing I/O
works. A laid-back structure could be connected between the existing I/O works
and the toe of the upstream dam face. A review of conceptual design
considerations for the two alternatives indicated the latter alternative would be

less disruptive, probably less expensive, and therefore, preferable. Either I/O
modification would require review by the State of California, Division of Safety
of Dams (DSOD). Key consideration by DSOD would be maintaining adequate
and controllable reservoir draw-down capability for dam emergencies.

The plan location of the modified I/O works with respect to the existing works
and other existing and proposed reservoir features is shown on Figure 4-1. A
drawing of a laid-back I/O structure is shown on Figure 4-2. Four I/O port valves
would be provided for selecting the best quality water stratum, and an additional
valve would isolate the existing works. The latter valve would be normally
closed, and this existing opening used as a fifth regular I/O port and as an
emergency outlet to satisfy jurisdictional dam draw-down requirements.

Preliminary sizing of I/O works components was based on hydraulic network
analyses of proposed CMWD recycled water distribution system expansions,
which are represented in the recently completed Encina Basin Recycled Water
Distribution System Study. Although volumes associated with Mahr Reservoir's
operational storage function are relatively small compared with those of seasonal
storage, operational storage peak-hour hydraulic requirements should be used to
size I/O piping and valves. Table 4-1 lists peak-hour withdrawal rates estimated
in the above-noted work for the Phase II and ultimate system expansions. As
additional recycled water production capacity and operational storage volumes
elsewhere are ultimately developed, the peak-hour demand on Mahr Reservoir's
storage decreases from Phase II to the ultimate condition. Hence, the estimated
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Facility Alternatives

Phase II peak-hour withdrawal rate is higher than the ultimate rate, and the Phase
II rate should be used for I/O works sizing.

Because the runs are short, the existing 18-inch I/O pipeline, which lies under the
dam, and proposed extension up the dam face should be considered as distribution
pipelines for sizing. As shown in Table 4-1, peak-hour velocities in the existing
18-inch I/O pipeline will exceed normal hydraulic design criteria discussed in
Chapter 2. This situation would improve from Phase II to the ultimate condition.
The higher velocities could be tolerated in the existing piping, since its
replacement or paralleling would be extremely difficult, but the proposed
extension to the works should use 24-inch piping, the nearest regular pipe size
satisfying hydraulic design criteria.

Table 4-1 Mahr Reservoir 110 Hydraulic Parameters

Parameter I Units3Peak-Hour Flow gpm
Based on Existing I/O Pipeline Diameter (18 inches)b:

Pipe Velocity I fps
Based on Hydraulic Criteria Diameter (24 inches)b:

PiDeVelocitv I fDS

a) Unit abbreviation: gpm = gallons per minute.
b) Using a friction factor of C = 120.

Milestone
Phase II Ultimate

7,947 6,473

10.6 I 8.6

5.6 I 4.6

Because the total headloss difference between a 24-inch and 18-inch valve is

relatively small, and the cost difference relatively larger, 18-inch valves are
assumed for the four proposed new I/O port controls. Each I/O port would be
protected from coarse suspended material by appropriate stainless steel screens.
The arrangement of these screens is highlighted on Figure 4-2, and a photograph
of similar I/O port screens at SMWD's Upper Oso Reservoir is shown on Figure
4-3. All valves would be hydraulically operated with control lines terminating in
a proposed operations building at the reservoir's north side, as shown on Figure
4-1. A probable cost opinion of the modified I/O works is given in Table 4-2.

AerationlDestratification System. A body of water like Mahr Reservoir, several
feet deep or more, will naturally tend to undergo thermal stratification. Because
of solar heat load, upper and lower waters tend to become thermodynamically
"separate" with respect to uniform mixing. Upper waters tend to stay well mixed
and aerobic, while lower waters become stagnant and anoxic. The latter
environment, especially with chemicals present in recycled water, can promote
hydrogen sulfide and other odiferous chemical production. With CMWD's
climate, one stratification cycle per year will occur, with onset in spring, greatest
stratification in late summer, natural mixing or "turnover" in fall, and well-mixed
water in winter.
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Upper two 110 ports, looking east.

Figure 4-3 Upper Oso ReservoirI/O Works

An aeration system can perform substantial mixing of the reservoir volume and
provide supplemental oxygen. This mixing can prevent or eliminate stratification,
and its undesirable consequences, and even help control certain algae growth.
Typical Southem Califomia experience shows the system only needs to operate
part of the day or a few days a week, and only during the spring-to-fall half of the
year.

A common system configuration, used in several reservoirs and lakes in San
Diego and Orange Counties, includes an air compressor, usually housed in a small
building for protection and sound attenuation; an air supply pipeline; and a
di ffuser pipeline, usually located 5-10 feet above the bottom near the deepest
portion of the basin. Keeping this diffuser pipeline well submerged is one reason
to establish a 12.5-foot deep minimum operating pool. discussed in Chapter I.
The operations building noted above could house both the I/O works valve
controls and the aeration/destrati fication system's compressor. Location of these

features is shown on Figure 4-1. A photograph of the proposed operations
building site is provided as Figure 4-4.
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Table 4-2 Cost Opinion for Mahr Reservoir I/O Works
Material Cost

Labor Cost
Quantity

dollarsdollarsTotal Cost
Item

No.UnitaUnitTotalUnitTotaldollarsb

Demolition Work

1LS 0020,00020,00020,000
Concrete Vault Excavation

33CY 401,320 206601,980
Backfill

16CY 4064020320 960
Concrete

10CY 2002,0004004,0006,000
Shoring

5ton 6003,0003601,8004,800

24-Inch Steel Pipe w/Epoxy Coating

140ft11516,100 10514,70030,800
Welding Joints

30each 3159,450 3399010,440
18xl8xl8-inch Tee w/Epoxy Coating

5each 9004,5009824,9109,410
18-inch 90-degree Elbows w/Epoxy Coating

1each 9509507697691,719
24xl8-inch Reducer w/Epoxy Coating

1each 6806807637631,443

24x24xl8-inch Tee w/Epoxy Coating

4each 1,7306,9201,1264,50411,424
Flexible Coupling

2each 5001,0006501,3002,300
18-inch BFV wI Hydraulic Cylinder

5each 5,00025,0002,50012,50037,500
Stainless Steel Wire Screen

4each3,50014,0001,5006,00020,000
Hydraulic Accumulator System

1each32,00032,00041,00041,00073,000

Pipe Support

20each 2505,00050010,00015,000
Miscellaneous Metalwork

1LS 3,5003,5001,5581,5585,058
ElectricallInstrumentation

1LS12,00012,0005,9005,90017,900
Sales Tax on Material Cost, 7.75 percent

10,700
Mobilization & Demobilization, 3 percent

8,092
Subtotal Construction

288,526
Contractor OH&P

20 percent 57,705
Total Construction

346,231
Contingency

20 percent 69,246
Subtotal Project

415,477
Engineering & Administration

15 percent 62,322
Total Project

477,799

a) Unit abbreviations: LS = lump sum; CY = cubic yard.
b) Cost for January 2000.
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Wide spot in access road. looking east over spill\vay.

Figure 4-4 Proposed Mahr Reservoir Operations Building Site

For durability and flexibility. the air supply and diffuser pipelines arc assumed
constructed of 4-inch diameter polyethylene piping. The diffuser pipeline would
have small. appropriately-sized holes drilled approximately every five feet for its
entire length. This pipeline would be held in place. approximately parallel to the
reservoir bottom. by a series of anchors that resist the pipeline's tendency to rise
when charged with air. This type system has been operating at SMWO's Upper
Oso Reservoir for approximately ten years. While other aeration/destratitication
systems an: feasible. a probable cost opinion ft1r the one described here. with
costs adjusted from SMWO's experience. is presented in Chapter 5.

Outflow Chlorination. Open seasonal storage generally degrades bacteriological
water quality below those levels specified by Title 22. California Code of
Regulations. ft1r disinfected tertiary effluent at a treatment plant production
source. The extent of degradation depends on the size of the drainage area
tributary to the reservoir and the development characteristics of the drainage area.
While not currently requ.ired by regulatory agencies. chlorination of reservoir
outflow could be done to mitigate this degradation. Because of no regulatory
requirement for outflow disinfection. the very small Main Reservoir tributary
watershed area. and no predominant outflow chlorination practice elsewhere
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specifically for disinfection, this candidate improvement is not considered further.
It could be reconsidered for a future phase of work.

Outflow Microscreenin2:. Reusing the existing fine screens could provide some
control of water quality, although distribution system algae problems still
occurred during the original deployment. Such reuse would involve
improvements in situ at the Meadowlark WRF or equipment relocation to the
Mahr Reservoir site. Some WRF process and related modifications could be
required.

A significant drawback to outflow microscreening is the need to break head.
Mitigating this hydraulic disruption would require pumping designed for peak
hour flow rate and complex pump controls. In light of these disadvantages, and
the years of several major recycled water storage reservoirs (see Chapter 1)
operating successfully without such treatment, this candidate improvement is not
considered further.

If the need emerges to remove particulate matter in reservoir outflow beyond that
removal accomplished by the proposed I/O port screens, large and relatively
inexpensive strainers of the type used by SMWD for Upper Oso Reservoir could
be deployed. These could be installed in-line, with no head break, on the existing
18-inch I/O line near where it emerges from the downstream dam toe. In normal
operation such strainers involve a typical headloss of only a few pounds per
square inch.

Reservoir Linin2: and Coverin2:. Lining and covering a reservoir can control
algae growth and other water parameters. Two lining and covering alternatives
were considered candidates for Mahr Reservoir:

o Alternative A - a floating cover with a geo-membrane liner
o Alternative B - a floating cover with a porous asphaltic-cement (AC) liner

The geometric configuration of the existing reservoir was reviewed for
compatibility with the two commonly used systems for maintaining tension on a
floating cover: weight-tensioning and mechanical-tensioning. Weight-tensioned
floating covers are distinguished by a series of strategically located trough
weights and floats attached to the floating cover to take up excess material and
keep the floating cover taut. These trough weights create a fold where excess
material accumulates and that also serves as a rainwater collection trough. Rain
falling on the floating cover migrates into the troughs and is removed by a
rainwater removal system, consisting of pumps or gravity drain assemblies.

With mechanically-tensioned floating covers, cables are attached to the floating
cover and connected to a counter-weight and pulley system to maintain floating
cover tension. The counterweights are housed in a number of small individual
towers surrounding the reservoir perimeter. The rainwater removal system
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typically consists of pumps or gravity drains placed on the floating cover to
remove surface water.

Both these cover systems have very similar estimated unit costs. The reservoir
site can be reconfigured to suit either cover system; however, the mechanically
tensioned cover system would only be practical if the operating water level of the
reservoir was restricted to the upper 15 feet of its range. A weight-tensioned
cover system would allow the full operating range in the existing reservoir to be
used. Therefore, for this evaluation, a weight-tensioned cover system, with 45
mil polypropylene cover material and full perimeter sump, is considered for
budget pricing of both lining and covering alternatives.

Recommended impermeable geo-membrane liners for this application include a
45-mil polypropylene liner or a 60- to 90-mil high-density polyethylene (HDPE)
liner. HDPE liners are cheaper, but have a higher coefficient of thermal
expansion, making installation and maintenance more complicated. For this
evaluation, the 45-mil polypropylene liner is considered for budget pricing for
Alternative A.

It is anticipated that the addition of an impermeable geo-membrane would require
careful review by a geotechnical engineer and DSOD. Key items for
consideration by DSOD would be potential loss of soil moisture in the dam
embankment, under-drain piping and under-drain relief piping. The loss of
moisture in the darn embankment could be significant as the dam core appears to
be constructed with clay, based on available record drawings. It is likely the
under-drain relief piping could require penetrating the dam embankment to
discharge under-drain flows.

Other items that are typically part of an existing reservoir retrofit with a floating
cover and a geo-membrane liner include:

o A means to anchor the edge of the liner
o Appurtenances such as vents, access hatches, and inflation ports
o A rainwater relief system

A probable construction cost opinion for adding a floating cover and geo
membrane liner to Mahr Reservoir is shown in Table 4-3. The costs for the basic

appurtenances described above are included in the unit cost for the cover and are
based on past experience with similar projects.

As described above, it is anticipated that a geo-membrane liner system may not be
compatible with the existing dam embankment and would require considerable
review by DSOD. Therefore, porous AC liner system, Alternative B, was
reviewed as another method for lining the reservoir. This type of liner system
would not require an under-drain system and under-drain relief piping. This
alternative would likely reduce requirements for DSOD permitting.
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Table 4-3 Cost Opinion for Lining and Covering Mahr Reservoir
Total Cost, dollarsf

Item3
QuantityeUnit CostAlternative AAlternative B

Porous AC Liner
385,000$1/SFN/A385,000

Polypropylene Liner
385,000$1/SF385,000N/A

Underdrain (in reservoir)
1,600$25/LF40,000N/A

Underdrain (through embankment)
500$40/LF 20,000N/A

Baseb
115,500$0.75/SF86,62586,625

Polypropylene Cover & Appurtenancesc
350,000$2.1O/SF735,000735,000

Concrete Ringwall Appurtenances
2,900$40/LF116,000116,000

Excavationd
1LS 100,000100,000

Subtotal Construction
1,482,6251,422,625

Contractor OH&P
20 percent296,525284,525

Total Construction
1,779,1501,707,150

Contingency
20 percent355,830341,430

Subtotal Project
2,134,9802,048,580

Engineering & Administration
15 percent320,247307,287

Total Project
2,455,2272,355,867

a) This estimate only includes costs for work associated with the liner and cover. Costs for inlet and outlet
structures, minor concrete, and other miscellaneous work have not been included.

b) Base quantity assumes a bottom area with 6" thick decomposed granite base. Type and cost of base may change
based on a detailed geotechnical evaluation.

c) Appurtenances include vents, access hatches, inflation ports, and rainwater relief system.
d) Excavation cost may change based on actual site conditions and method of excavation.
e) Volume = 160 AF, surface area = 350,000 square feet (SF), bottom area = 385,000 SF, perimeter = 2,900 linear

feet.

t) Cost for January 2000.

A probable cost opinion for adding a floating cover with a porous AC liner to
Mahr Reservoir is also shown in Table 4-3. The cost for basic appurtenances
described above are also included in the unit cost for the cover. These costs are

based on past experience with similar projects and accepted cost references.

In order to install either alternative lining and covering system, the existing
reservoir would require draining, debris/sludge removal, dewatering and remedial
grading to reconfigure the side slopes and reservoir bottom. Prior to liner system
installation, base material would be placed as recommended by a geotechnical
engineer. For the purposes of this evaluation, allowances have been made for
excavation and installation of base material, based on similar projects.

Operation and maintenance costs for a floating cover and liner system depend
somewhat on liner alternative. These can be estimated if a decision is made to
pursue either lining and cover alternative further.

As shown in Table 4-3, Alternatives A and B have comparable costs; however,
Alternative B would not require a possible change to the design intent of the dam
embankment nor would it require a piping penetration through the embankment
for under-drain relief. For these reasons, it is believed that the Alternative B
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would be easier to design, permit and maintain. Based on results of this
evaluation, the floating cover with a porous AC liner is considered further in
Chapter 5.

Miscellaneous Site Work. Other more minor site improvements may be required
in addition to the major ones previously discussed. These items could include
improving site access roadways, adding selective landscape treatment, and
installing a protective surface on the upstream dam face. The latter could be
accomplished with AC pavement, which would mitigate erosion as well as
decrease "foothold" for rooted aquatic vegetation. A lump cost opinion is
provided for these items in Chapter 5.

Alternative Combinations of Improvements

Two types of facility alternatives are defined: using or not using Mahr Reservoir
in the planned recycled water system; and, if the decision is to use Mahr
Reservoir, selecting the best combination of facility improvements. To make a
fair comparison when Mahr Reservoir is not to be used, equivalent seasonal,
operational, and emergency supply components must be considered. These could
include additional peak-month supply capacity and an above-ground operational
storage reservoir, respectively. These alternatives and cost opinions thereof are
discussed in Chapter 5.

The long-term history of other recycled water seasonal storage reservoirs,
discussed in Chapter 1, argues strongly against the need for a lining and covering
system at Mahr Reservoir. Given that and the relatively large cost of lining and
covering systems, two combinations of improvements are considered. The first
combination involves the following improvements:

o Dredging and cleaning the reservoir bottom
o Modifying the I/O works
o Adding an aerationldestratification system
o Performing miscellaneous site work.

The second combination involves all the above plus adding lining and covering.

Since Mahr Reservoir has a very small tributary watershed area, the first
combination of improvements should provide adequate water quality. Dredging
and cleaning, and use of aerationldestratification will tend to maintain an aerobic
environment throughout the reservoir water column throughout the year. This
will tend to eliminate hydrogen sulfide production and other unpleasant odors.
Multiple ports in a modified I/O works will tend to allow best quality water
stratum selection. Since algae grow largely near the reservoir water surface, this
will tend to greatly minimize the likelihood of algae being moved into the
distribution system.
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An additional reason, besides cost, exists for deferring further consideration for
reservoir lining and covering. In 1997 the State Department of Health Services
published a comprehensive evaluation of reservoir lining and covering systems.
Their primary focus was a sanitary assessment with respect to potable water
storage and quality. However, they noted some generic concerns that would be
relevant to application with high-quality recycled water as planned by CMWD:

o Cover materials are "vulnerable to puncture" and "slashes," as from
vandalism, and cover seams are "potential weak spots that can compromise
the watertight integrity"

o Drainage systems used to remove accumulated rainwater are "not reliable"
o Many of the agencies that have installed lining and covering systems "have

attempted to establish ... a (maintenance) program but found this process to be
exceedingly difficult, labor intensive, and expensive."
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Chapter 5
Alternative Costs

and Phasing

Mahr Reservoir Use Benefits

Mahr Reservoir can provide seasonal, operational (diurnal), and emergency
storage to CMWD's recycled water production and distribution system. Seasonal
and emergency storage benefits are quantified in Chapter 3. Absent Mahr
Reservoir, CMWD's system would need equivalent peak-month supply capacity.
This would require, for comparative analysis, a marginal increase in peak-month
supply from the Carlsbad AWT facility, according to the flow rates given in Table
3-3.

From an operational storage perspective, Mahr Reservoir is favorably located
geographically and topographically. It provides a storage volume well suited to
service demand along Rancho Santa Fe Road, both north and south of the
reservoir site, and it could back-feed flow into the lower distribution system
pressure zone. The reservoir is also at a key elevation for establishing the
hydraulic grade line in the nearby portion of the distribution system. Absent
Mahr Reservoir, the system would need equivalent operational storage capacity.
This would require, for comparative analysis, an alternative 1.5-MG reservoir at a
site in the vicinity near elevation 550 feet.

From an emergency storage perspective, Mahr Reservoir's volume could offset a
loss of supply at one of the regular production sources for a given period of time.
The appropriate volume would vary depending on total system production
capacity available, demand on the distribution system, volume of water in the
reservoir, and time of year. For example, if a supply outage occurred in the peak
demand month, the volume withdrawn for emergency supply offset would
directly eliminate a corresponding volume of peak-month seasonal storage.
Emergency storage remains a benefit for Mahr Reservoir, but it is difficult to
quantify monetarily. Sample volumetric approximations are given at the end of
Chapter 3.

Another possible benefit of Mahr Reservoir relates to ocean outfall capacity.
During the winter, Encina WPCF may incur hydraulic limitations in peak wet
weather treated wastewater disposal capacity. Water reclamation, via the

-
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proposed Carlsbad AWT facility, could remove some flow from the disposal
stream. Because of low winter demand, such excess recycled water would have
to be stored. However, according to the analyses included in Appendix B, even in
the current condition, Mahr Reservoir's volume is relatively small and would not
necessarily take enough flow in the winter to save significant treated wastewater
disposal capacity in the ocean outfall system. Appropriate estimations of realistic
volumes would require more detailed modeling of Encina WPCF and are beyond
this evaluation's scope. Therefore, no benefit is quantified for this function.

Comparative Improvement Costs

For Phase II cost comparison, Alternative 1 includes use of Mahr Reservoir and
all the facility improvements summarized at the end of Chapter 4. Alternative 2
replaces Mahr Reservoir with an equivalent new 1.5-MG, above-ground, steel,
operational storage reservoir on a newly-purchased site; and 1.46-MGD additional
peak-month equivalent supply capacity (see Table 3-3), assumed as a marginal
increase to planned Carlsbad AWT expansion capacity. Table 5-1 shows
resulting capital costs by line item and totals.
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,

Table 5-1 Comparative~Costs for Mahr Reservoir Phase II Capacity Value
Total Cost, dollarseItem

QuantityUnit CostAlternative 1fAlternative 2g

With Mahr Reservoir Dredging & Cleaninga
1lump sum 150,000N/A

Modified I/O Worksa
1lump sum289,000N/A

Aeration/Destratification Systema

1lump sum 166,000N/A

Lining and Coveringb
160 AFlump sum1,423,000N/A

Miscellaneous Site Worka
1~.!!!JL~um ...175,000N/A-.-.---

---.----
Without Mahr Reservoir

New Oper. Storage Res. Sitea

1 acrelump sum N/A100,000
New Oper. Storage Res. ConstructionC

1.5MO413,000 N/A620,000
Additional Peak-Month Plant Capacitl

1.46 MOD1,167,000N/A1,704,000
Subtotal Construction

2,203,0002,424,000
Contractor OH&P

20 percent441,000485,000
Total Construction

2,644,0002,909,000
Contingency

20 percent529,000582,000
Subtotal Project

3,173,0003,491,000
Engineering & Administration

15 percent476,000524,000
Total Project

3,649,0004,015,000

a) Preliminary estimate.
b) Cost based on lining and covering Alternative B.
c) Volume sized per final distribution system analysis.
d) Capacity based on Chapter 3 analysis, shown in Table 3-3; cost based on incremental capital improvements in

Preliminary Design Reportfor the Carlsbad Water Recycling Facility.
e) Cost for January 2000; assumes remainder of recycled water supply and distribution costs for a total Phase II system

at 5,400 AFY is the same for both alternatives.
f) Assumes Mahr Reservoir improved for use as operational and seasonal storage.
g) Assumes equivalent operational storage and peak-month supply capacity obtained without Mahr Reservoir.

At this estimating level, Alternative l' s total project cost is slightly less than
Alternative 2's total project cost. Alternative 2's total project cost would change
a small amount if a different capacity operational storage reservoir were used and
if a different plant capacity were chosen. More significantly, Alternative 2's total
project cost would increase for the ultimate condition, while Alternative l's total
project cost would not. In that condition, an estimated 3.5 MO of alternative
operational storage and a total additional peak-month plant capacity of 1.62 MOD
(see Table 3-3) would be needed, which would increase Alternative 2's total
project cost by approximately $1,842,000, as shown in Table 5-2. Considering
these additional costs to Alternative 2 and the monetarily unquantified emergency
storage benefit of Alternative 1, Alternative 1 appears the least-cost capital
option.
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I

Table 5-2 Comparative <Costsfor Mahr Reservoir Ultimate Capacity ValueI Total Cost, dollarsd
Item

QuantityUnit CostAlternative IeAlternativ(~ i
With Mahr Reservoir Per Table 5-1

1lump sum2,203,000N/A

Without Mahr Reservoir New Oper. Storage Res. Sitea

2 acreslump sum N/A200,000

New Oper. Storage Res. Constructionb
3.5MO413,000 N/A1,446,000

Additional Peak-Month Plant CapacityC
1.62 MOD1,167,000N/A1,891,000

Subtotal Construction
2,203,0003,537,000

Contractor OH&P
20 percent441,000707,000

Total Construction
2,644,0004,244,000

Contingency
20 percent529,000849,000

Subtotal Project

3,173,0005,093,000
Engineering & Administration

15 percent476,000764,000

Total Project

3,649.0005,857,000

a) Preliminary estimate.
b) Volume estimated from ratio of ultimate to Phase II demands.
c) Capacity based on Chapter 3 analysis, shown in Table 3-3; cost based on incremental capital improvements in

Preliminary Design Reportfor the Carlsbad Water Recycling Facility.
d) Cost for January 2000; assumes remainder of recycled water supply and distribution costs for a total ultimate system

at 9,800 AFY is the same for both alternatives ..
e) Assumes Mahr Reservoir improved for use as operational and seasonal storage.
f) Assumes equivalent operational storage and peak-month supply capacity obtained without Mahr Reservoir.

Operating costs for Mahr Reservoir would be relatively minor, and probably
comparable to those associated with Alternative 2. They are not considered
herein because they would not be expected to affect the decision.

Improvement Phasing

If lining and covering were deleted from Alternative 1, the resulting total cost
would be substantially less than the cost for any version of Alternative 2.
Alternative 1 could be phased, with initial Mahr Reservoir improvements for
Phase II including all items except lining and covering, which would be deferred
as discussed in Chapter 4. These Phase II reservoir improvements could be tested
for several years before reconsidering the need for additional reservoir
improvements. If lining and covering were needed, it could be constructed as part
of a Phase ill system expansion. Based on Table 5-1, the total project cost
opinion for initial reservoir improvements under Alternative 1 is shown in Table
5-3.
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Alternative Costs and Phasing

,

Table 5-3 Cost Opinion for Initial Mahr Reservoir Improvements3I

Item

Dredging & Cleaning
Modified I/O Works

AerationJDestratification System
Miscellaneous Site Work
Subtotal Construction
Contractor OH&P
Total Construction
Contingency
Subtotal Project
En!!ineerin!! & Administration

Total Project

a) All entry notes same as for Table 5-1.

20 percent

20 percent

15 Dercent

Unit Cost

lump sum
lump sum
lump sum
lumD sum

Total Cost
dollars

150,000
289,000
166,000
175,000
780,000
156,000
936,000
187,000

1,123,000
168,000

1.291.000

CGvL ENGINEERS IN ASSOCIATION WITH JOHN POWELL & ASSOCIATES 5-5



Chapter 6
IRecommendations

Facilities

In light of the foregoing evaluation and related ongoing preliminary design of
CMWD's recycled water distribution system, the following recommendations are
made to CMWD regarding Mahr Reservoir:

Q Proceed with acquisition of rights from VWD to improve and use the reservoir
on a long-term basis

Q Phase reservoir improvements as delineated in Chapter 5, with further
consideration for a liner and cover deferred to system expansion Phase III

Q Design and construct all initial reservoir improvements in parallel with other
Phase II system expansion improvements

Q Once the improved reservoir is placed in service, test its performance for
several years before reconsidering the need for additional improvements.

Monitoring Program

To properly test performance of an improved Mahr Reservoir, an adequate
monitoring program will need to be initiated. Such a program typically requires
use of a boat for sample acquisition and use of a portable analyzer to measure
common limnetic parameters at different depths. Table 6-1 illustrates a typical
program, with samples collected in the water column between the existing
reservoir I/O works and the upstream dam toe. Daily sample timing would
depend on operating times of the proposed aerationldestratification system and
any specific regulatory requirements.

Parameter

Dissolved Oxygen
Temperature
pH
Electrical Conductivity
Oxidation-Reduction Potential

Turbidity
Coliform
General Mineral

Method

Anal yzer
Anal yzer
Anal yzer
Anal yzer
Anal yzer

Anal yzer
Grab
Grab

Depth
Every 5 feet
Every 5 feet
Every 5 feet
Every 5 feet
Every 5 feet

Every 5 feet
Top

Too and Bottom

Monthl y
Monthly
Quarterl
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Recommendations

At the program's onset, similar samples could be collected at a few other
locations around the reservoir, to verify that the recommended sample location is
adequately representative of the entire water body.

\\NTSER VERISHARED. FlL IPROJECTSIPowell.207\Carlsbud Ph 11.00 IIReSt:rvoirlMahrreseva1.Doc
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Appendix A

HISTORICAL RECYCLED WATER DEMANDS
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(

CMWD Recycled Water System
Historical Monthly Recycled Water Demands3 (acre-feet), 1995-1999

(

FactorsC

Year

JanFebMarAprMayJunJulAugSepOctNovDeeTotalsAveragePIAMIA

Use

18.2610.659.5442.0489.83127.00149.24193.48181.99128.6178.1062.081,090.8290.90
1995

-
Ratiob 0.200.120.100.460.991.401.642.132.001.410.860.68 2.130.10

Use

33.9312.1116.7089.48152.55223.57198.31203.14158.07130.2629.7810.931,258.83104.90
1996

--
Ratiob 0.320.120.160.851.452.131.891.941.511.240.280.10 2.130.10

Use

11.2434.59108.29132.47181.82215.65179.32171.35152.62110.3524.0626.261,348.01112.33
1997

--
Ratiob 0.100.310.961.181.621.921.601.531.360.980.210.23 1.920.10

Use

14.2222.2950.9190.73161.27228.75191.74208.43158.65103.8633.2368.391,332.46111.04
1998

- --
Ratiob 0.130.200.460.821.452.061.731.881.430.940.300.62 2.060.13

Use

15.0055.3864.71143.92204.23190.64332.49183.97188.02146.19100.79136.371,761.71146.81
1999

--
Ratiob 0.100.380.440.981.391.302.261.251.281.000.690.93 2.260.10

Simple

0.170.220.430.861.381.761.821.741.521.110.470.511,358.37113.202.100.11
Average Adjustedd0.110.160.370.821.371.832.101.761.511.090.420.46 2.100.11

a) Based on actual CMWD metered demands.
b) Annual monthly demand variation expressed as a ratio of actual monthly demand divided by the average monthly demand for that year.

c) Demand factors include peak-to-average (PIA) month and minimum-to-average (MIA) month.

d) See report text for explanation.
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Appendix B

SEASONAL STORAGE MODEL RUNS
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 1A: With Full Seasonal Storage

SUPPLY: RW=1.61 mgd; Other=O mgd

I)EMAND: Current @ 1,800 ac-ft/yr
TORAGE: 0 ac-tt existing seasonal storage, 548 ac-tt required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,

Preeip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioae-ft Cae-ftae-ftae-ft aae-ft •ae-ftae-ft tae-ft 9ae-ft

Jan

nlanla0.1116016150015013430279

Feb

nlanla0.1624024150015012642779

Mar

nlanla0.375605615001509452179

Apr

nlanla0.82123012315001502754879

May

nlanla1.3720502051500150(55)49379

Jun

nlanla1.8327502751500150(125)36879

Jul

nlanla2.1031503151500150(165)2037~1

Aug

nlanla1.7626402641500150(114)8979

Sep

nlanla1.5122602261500150(76)1379

Oct

nlanla1.0916301631500150(13)079

Nov

nlanla0.42630631500150878779

Dec

nlanla0.467007015001508016879
-----------

----- ..---------------- ..-------- --- ....---------- ---------------------- ..-----•..----- --------.•.------ .•.------ .•..----- ....--....-------------------------- .•.•.-.•.-..-- -- ..-_ ..---------- -- ..------

TOTAL
nlanla12.001,80001,8001,80001,8000 946

a)
b)

c)
d)
e)
I)

g)

350

300-

250

OJ
OJ";OJ

200U to<IiE
150

:s "0> 100

500

INPUT

n/a = effective/total precipitation ratio (no units)
n/a = irrigation efficiency (no units)

1,BOO = annual project irrigation demand (ac-ftlyr)
2.45 = maximum recycled water supply available (mgd:
0.00 = maximum other water supply available (mgd;
3.00 = maximum reservoir inIIow allowed (mgd)
3.00 = maximum reservoir outflow allowed (mgd)

1,000 = maximum reservoir working storage available (ac-It)

Monthly Supply I Demand

I CDemandr• Supply

-'
I-

-
l-I-

~fr

r;I.

1)
2)

3)
4)
5)
6)
7)
8)
9)

10)
11)

600

500a;

400.!! ~U
to 300

<Ii E:s"0 200>

100

o

OUTPUT

2.10 = peak month lactor (no units)
n/a = irrigation application rate (Itlyr)

1,BOO = annual total demand (ac-Itlyr)
1.00 = total supply/demand ratio (no units;
Jul = maximum Irrigation demand month
Jan = minimum irrigation demand month

1.61 = maximum RW supply used (mgd)
0.00 = maximum other supply used (mgd)
1.43 = maximum reservoir inflow used (mgd)
1.77 = maximum reservoir outflow used (mgd)
548 = maximum reservoir working storage used (ac-It)

Monthly Reservoir I Unused RW Supply

I
____________________ J

I-I

------------------::::::::::::::1 ~

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

F:IProjectslPowel1.207\CarlsbadPh l1.oo1lReservoirlRevMoSDS- 1A-Current
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Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion

SCENARIO 1B: With No Seasonal Storage
SUPPLY: RW=2.45 mgd; Other=0.92 mgd

'1EMAND: Current @ 1,800 ac-ft/yr

TORAGE: 0 ac-ft existing seasonal storage, 0 ac-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,

Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioac-ft Cac-ftac-ftac-ft aac- ft eac-ftac-ft tac-ft 9ac-ft

Jan

n/an/a0.11160161601600213

Feb

n/anfa0.16240242402400204

Mar

n/an/a0.37560565605600173

Apr

nfan/a0.821230123123012300105

May

n/an/a1.37205020520502050024

Jun

n/anfa1.83275027522946275000

Jul

nfanfa2.10315031522986315(0)(0)0

Aug

nfan/a1.762640264229352640(0)0

Sep

nfanfa1.51226022622602260(0)3

Oct

nfan/a1.0916301631630163006'·,)
Nav

n/anfa0.42630636306300166

Dec

n/anfa0.46700707007000159
------- .•.--

....------------------------ ..------ ------ -- .•.--..-.•.---_ ..-- .•..•._---------_ .•..•.- .•.----------- -------- .•.--------- ----- .•..•..•.----- ..--_ .•.----- --_ .•.-------- .•..•.----- .•.•.----- -------- ----- ------ -- ----

TOTAL
nfanfa12.001,80001,8001,6331671,800(0) 1,113

a)
b)

c)
d)
e)
f)

g)

INPUT

nla = effective/total precipitation ratio (no units)
nla = irrigation efficiency (no units)

1,800 = annual project irrigation demand (ac-IVyr)
2.45 = maximum recycled water supply available (mgd:
1.00 = maximum other water supply available (mgd;
0.00 = maximum reservoir inflow allowed (mgd)
0.00 = maximum reservoir outflow allowed (mgd)

o = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand

1)
2)
3)
4)
5)
6)

7)
8)
9)

10)
11 )

OUTPUT

2.10 = peak month factor (no units)
nla = irrigation application rate (IVyr)

1,800 = annual total demand (ac-ftlyr)
1.00 = total supply/demand ratio (no units;
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

2.45 = maximum RW supply used (mgd)
0.92 = maximum other supply used (mgd)
0.00 = maximum reservoir inflow used (mgd)
0.00 = maximum reservoir outflow used (mgd)

o = maximum reservoir working storage used (ac-It)

Monthly Reservoir I Unused RW Supply

350

300250

Gi CI)1 200U ••.; 150
E

:>"0> 100

50

o

250

200
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~ 150I!! u••
~ 100

:>
"0>

50

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 1C: With Mahr Reservoir Seasonal Storage
SUPPLY: RW=2.45 mgd; Other=0.17 mgd
"'EMAND: Current @ 1,800 ac-tvyr

iORAGE: 0 ac-tt existing seasonal storage, 151 ac-tt required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,
Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,

Month
ininRatioac-ft Cac-ftac-ftac-ft aac-ft eac-ftac-ft Jac-ft 9ac-ft

Jan

nfanfa0.1116016920927676137
Feb

nfan/a0.1624024100010076151129
Mar

n/anfa0.3756056560560151173
Apr

nfan/a0.82123012312301230151105
May

n/anfa1.3720502052050205015124
Jun

nfanfa1.8327502752290229(46)1050
Jul

nlanfa2.10315031522916245(70)350
Aug

nfanfa1.7626402642290229(35)00
Sep

n/anfa1.5122602262260226003
Oct

n/anfa1.09163016316301630065
Nov

nfanfa0.42630636306300166
Dec

nfanfa0.46700707007000159----------
---------------------------------------------------------- ------------ ------_ •..--------------------------------------------- .•.....• ------------------------- .•...----------- ...---------

TOTAL
nfanfa12.001,80001,8001,784161,800(0) 962

a)
b)
c)
d)
e)
f)

g)

INPUT

n/a = effective/total precipitation ratio (no units)
n/a = irrigation efficiency (no units)

1.800 = annual project irrigation demand (ac-ftlyr)
2.45 = maximum recycled water supply available (mgd:
0.00 = maximum other water supply available (mgd:
3.00 = maximum reservoir inflow allowed (mgd)
3.00 = maximum reservoir outflow allowed (mgd)

151 = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

OUTPUT

2.10 = peak month factor (no units)

n/a = irrigation application rate (ftlyr)
1.800 = annual total demand (ac-ftlyr)

1.00 = total supply/demand ratio (no units;
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

2.45 = maximum RW supply used (mgd)
0.17 = maximum other supply used (mgd)

0.81 = maximum reservoir inflow used (mgd)
0.75 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ac-ft)

Monthly Reservoir I Unused RW Supply

350

300_ 250

.,J!!
~ 200(.)
co
ojE 150::J'0> 100

50

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Month

200

180160i
140

~
120., ~ 100
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ojE
80::J '0 60

>

4020

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 2A: With Full Seasonal Storage
SUPPLY: RW=4.82 mgd; Other=O mgd
IJEMAND: Phase II @ 5,400 ae-ft/yr
,TORAGE: 0 ae-ft existing seasonal storage, 1,644 ae-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,

Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioac-tt Cac-ttac-ttac-tt aac-tt eac-ttac-tt 'ac-tt 9ac-tt

Jan

nlanfa0.11490494500450401905297

Feb
nfanla0.167307345004503771,282297

Mar

nfanfa0.37168016845004502821,564297

Apr

nfanfa0.8237003704500450801,644297

May

nfanla1.3761506154500450(165)1,479297

Jun

nfanla1.8382408244500450(374)1,104297

Jul

nlanla2.1094509454500450(495)609297

Aug

nlanfa1.7679107914500450(341)268297

Sep

nlanfa1.5167806784500450(228)40297

Oct

nfanfa1.0949004904500450(40)0297

Nav

nlanfa0.4218801884500450262262297
Dee

nfanla0.46209020945004502415032~17
----------

------- ------------- ------------------------------------- ------------ --------------------------- .•.---------------------------- .•.--------- ...••---- .•---------------- .•.----- ..--- ...-.•.---

TOTAL
nfanla12.005,40005,4005,40005,400(0) 3,565

1.000

gOO800a;

700

~
600~ u 500

••
.;E 400::I
"0> 300

2001000

a)
b)

c)
d)
e)
I)

g)

iNPUT

nla = effectiveltotal precipitation ratio (no units)
nla = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-Itlyr)
8.00 = maximum recycled water supply available (mgd:
0.00 = maximum other water supply available (mgd;
8.00 = maximum reservoir inllow allowed (mgd)
8.00 = maximum reservoir outflow allowed (mgd)

2,000 = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand

I C Demandr-I_ Supply
- -

, I- ,I---

r

{

11r

rI

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

1,800

1,6001,400a;
1,200~ ~u
1,000

•• .;E
800

::I "0 600>

400

200

o

OUTPUT

2.10 = peak month lactor (no units)
nla = irrigation application rate (ft/yr)

5,400 = annual total demand (ac-IVyr)
1.00 = total supplyldemand ratio (no units;
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

4.82 = maximum RW supply used (mgd)
0.00 = maximum other supply used (mgd)
4.30 = maximum reservoir inflow used (mgd)
5.30 = maximum reservoir outflow used (mgd)

1,644 = maximum reservoir working storage used (ac-ft)

Monthly Reservoir I Unused RW Supply

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dee

Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 28: With No Seasonal Storage

SUPPLY: RW=8.00 mgd; Other=2.12 mgd

'1EMAND: Phase II @ 5,400 ac-fVyr

roRAGE: 0 ac-tt existing seasonal storage, 0 ac-tt required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unu!;ed

transpir.,

Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioac-tt Cac-ttac-ttac-tt aac-tt eac-ttac-tt 'ac-tt 9ac-ft

Jan

nlanla0.1149049490490069B

Feb

n/an/a0.16730737307300674

Mar

n/an/a0.371680168168016800579

Apr

n/an/a0.823700370370037000377

May

nlanla1.37615061561506150013:?

Jun

n/anla1.83824082474777824(0)(0)0

Jul

nlanla2.109450945747198945(0)(0)0

Aug

n/an/a1.767910791747447910(0)0

Sep

n/an/a1.51678067867806780(0)69

Oct

n/an/a1.094900490490049000257

Nov

n/an/a0.421880188188018800559

Dee

n/an/a0.462090209209020900538
--- .•.-.•.-..--

-------- -------------- ----•..•.----- ...•..---- ..----- --- .•...•----- .•...•.•..•.-------- .•.-------------- ..........•. --...---------_ .•.----_ .•.-----_ .•.-...-•....---- ..•--- ..----------- .•---..- .•.-----------------------------

TOTAL
n/an/a12.005,40005,4005,0813195,400(0) 3,885

1.000

900800
Qj

700

.!!
600

••
U 500

••

.;E 400::I 0> 300

2001000

a)

b)

c)
d)
e)
I)

g)

INPUT

nla = effective/total precipitation ratio (no units)
nla = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-ftIyr)
8.00 = maximum recycled water supply available (mgd:
2.00 = maximum other water supply available (mgd;
0.00 = maximum reservoir inflow allowed (mgd)
0.00 = maximum reservoir outflow allowed (mgd)

o = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand

I [J Demand t=
• Supply

,

nlJI-fI-

)l-I-II '
J

1)
2)
3)
4)
5)
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10)
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800

700600
Qj ~
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U 400
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.;E::I
3000 > 200

100

o

OUTPUT

2.10 = peak month factor (no units)
nla = irrigation application rate (fVyr)

5,400 = annual total demand (ac-fVyr)
1.00 = total supply/demand ratio (no units:
Jul = maximum Irrigation demand month
Jan = minimum irrigation demand month

8.00 = maximum RW supply used (mgd)
2.12 = maximum other supply used (mgd)
0.00 = maximum reservoir inflow used (mgd)
0.00 = maximum reservoir outflow used (mgd)

o = maximum reservoir working storage used (ac-tt)

Monthly Reservoir I Unused RW Supply

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 2C: With Mahr Reservoir Seasonal Storage
SUPPLY: RW=8.00 mgd; Other=0.66 mgd
OEMAND: Phase II @ 5,400 ac-ft/yr

TORAGE: 0 ac-ft existing seasonal storage, 151 ac-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,

Preeip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

IninRatioae-ft Cae-ftae-ftae-ft 0ae-ft eae-ftae-ft 'ae-ft 9ae-ft

Jan

n/anfa0.114904912401247676623
Feb

n/anfa0.1673073149014976151598

Mar
n/anfa0.37168016816801680151579

Apr

n/anfa0.82370037037003700151377

May

nfan/a1.37615061561506150151132
Jun

nfan/a1.83824082474762809(15)136(I
Jul

nlanla2.10945094574762809(136)(0)0

Aug

nfanfa1.7679107917474479100(I

Sep
nfanfa1.51678067867806780069

Oct
n/an/a1.094900490490049000257

Nov

n/anfa0.421880188188018800559
Dee

nfan/a0.462090209209020900538
----------

------------------------------------------------ ....------------- ------ ---- -----------------------------------------------------------------------------_ ..----------------------

TOTAL
n/anfa12.005,40005,4005,2321685,400(0) 3,734

1.000

900800700

Ci
.:!! 600f! u 500

<II

ojE 400:>
"0> 300

2001000

a)
b)

c)
d)
e)
f)

g)

INPUT

n/a = effective/total precipitation ratio (no units)
n/a = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-IVyr)
8.00 = maximum recycled water supply available (mgd:
2.00 = maximum other water supply available (mgd;
8.00 = maximum reservoir inflow allowed (mgd)
8.00 = maximum reservoir outflow allowed (mgd)
151 = maximum reservoir working storage available (ac-It)

Monthly Supply I Demand
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OUTPUT

2.10 = peak month factor (no units)
n/a = irrigation application rate (ftlyr)

5,400 = annual total demand (ac-ftlyr)
1.00 = total supply/demand ratio (no units;
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

8.00 = maximum RW supply used (mgd)
0.66 = maximum other supply used (mgd)
0.81 = maximum reservoir inflow used (mgd)
1.46 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ae-It)

Monthly Reservoir I Unused RW Supply
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 3A: With Full Seasonal Storage

SUPPLY: RW=8.74 mgd; Other=O mgd

OEMAND: Ultimate @ 9,800 ac-fVyr

TORAGE: 0 ac-ft existing seasonal storage, 2,983 ac-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unu!;ed

transpir.,

Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioac-ft Cac-ftac-ftac-ft aac-ft eac-ftac-ft •ac-ft 9ac-ft

Jan

n/anfa0.118808881708177291,6421,051
Feb

nfan/a0.16133013381708176842,3261,051
Mar

n/an/a0.37304030481708175122,8381,051

Apr

nfan/a0.82672067281708171452,9831,051

May

n/anfa1.371,11601,1168170817(299)2,6831,051
Jun

nfan/a1.831,49601 ,4968170817(679)2,0041,051
Jul

nlanfa2.101,71601,7168170817(899)1,1051,051

Aug

n/an/a1.761,43601,4368170817(619)4861,051

Sep

nfan/a1.511,23001,2308170817(414)731,051
Oct

n/an/a1.0988908898170817(73)01,051
Nov

n/an/a0.42341034181708174764761,051
Dec

n/anfa0.46379037981708174389141,051----------
-------- .•.---- ---------- ----- .•.------------------------------------------------------- .•.---...---------------------------------------------- ---------- ..-- .•.------------------------ .•.

TOTAL
n/anfa12.009,80009,8009,80009,8000 12,613

a)
b)

c)
d)
e)
f)

g)

INPUT

nJa = effective/total precipitation ratio (no units)
nJa = irrigation efficiency (no units)

9,800 = annual project irrigation demand (ac-lVyr)
20.00 = maximum recycled water supply available (mgd:
0.00 = maximum other water supply available (mgd:

12,00 = maximum reservoir inflow allowed (mgd)
12.00 = maximum reservoir outflow allowed (mgd)
3,000 = maximum reservoir working storage available (ac-It)

Monthly Supply f Demand

1)
2)

3)
4)
5)
6)
7)
8)
9)

10)
11 )

OUTPUT

2.10 = peak month factor (no units)
nJa = irrigation application rate (ft/yr)

9,800 = annual total demand (ac-ft/yr)
1.00 = total supply/demand ratio (no units:
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

8.74 = maximum RW supply used (mgd)
0.00 = maximum other supply used (mgd)
7.80 = maximum reservoir inflow used (mgd)
9.63 = maximum reservoir outflow used (mgd)

2,983 = maximum reservoir working storage used (ac-It)

Monthly Reservoir f Unused RW Supply

Month
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 38: With No Seasonal Storage
SUPPLY: RW=18.37 mgd; Other=O mgd
r)EMAND: Ultimate @ 9,800 ac-fVyr

fORAGE: 0 ac-tt existing seasonal storage, 0 ac-tt required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unw.ed

transpir.,
Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,

Month
ininRatioac-ft Cac-ftac-ftac-ft aac-ft eac-ftac-ft Tac-ft gac-ft

Jan

nlanla0.118808888088001,780
Feb

nlanla0.1613301331330133001,735
Mar

nlanla0.3730403043040304001,563
Apr

nlanla0.8267206726720672001,196
May

nlanla1.371,11601,1161,11601,11600752
Jun

nlanla1.831,49601,4961,49601,49600372
Jul

nlanla2.101,71601,7161,71601,71600152

Aug

nlanla1.761,43601,4361,43601,43600432
Sep

nlanla1.511,23001,2301,23001,23000638
Oct

nlanla1.098890889889088900979
Nov

nlanla0.4234103413410341001,527
Dee

nlanla0.4637903793790379001,4B9----------
-------- .•.-------- ..•----_ .•....-..--- ---- ...... ---------------- ---------- ...------------- -- .•..•.--- ...-----..•---- •....------- ---- ------ ---------------------- ----- ------ -.._ ..--- ..•------------------_ .•.

TOTAL
nlanla12.009,80009,8009,80009,8000 12,613

a)
b)
c)
d)

e)
f)

g)

INPUT

n/a = effective/total precipitation ratio (no units)
nla = irrigation efficiency (no units)

9.800 = annual project irrigation demand (ac-fVyr)
20.00 = maximum recycled water supply available (mgd:

0.00 = maximum other water supply available (mgd;
0.00 = maximum reservoir inflow allowed (mgd)
0.00 = maximum reservoir outflow allowed (mgd)

o = maximum reservoir working storage available (ac-It)

Monthly Supply I Demand

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

OUTPUT

2.10 = peak month factor (no units)
n/a = irrigation application rate (fVyr)

9,800 = annual total demand (ac-fVyr)
1.00 = total supply/demand ratio (no units:
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

18.37 = maximum RW supply used (mgd)
0.00 = maximum other supply used (mgd)
0.00 = maximum reservoir inflow used (mgd)
0.00 = maximum reservoir outflow used (mgd)

a = maximum reservoir working storage used (ac-ft)

Monthly Reservoir I Unused RW Supply
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 3C: With Mahr Reservoir Seasonal Storage
SUPPLY: RW=16.76 mgd; Other=O mgd
""IEMAND: Ultimate @ 9,800 ac-tvyr

rORAGE: 0 ac-tt existing seasonal storage, 151 ac-tt required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,
Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,

Month
ininRatioae-ft Cae-ftae-ftae-ft aae-ft eae-ftae-ft 'ae-ft gae-ft

Jan

nlan/a0.1188088164016476761,704
Feb

nlan/a0.1613301332080208761511,659
Mar

n/an/a0.373040304304030401511,563
Apr

n/an/a0.826720672672067201511,196
May

n/an/a1.371,11601,1161,11601,1160151752
Jun

n/an/a1.831,49601,4961,49601,4960151372
Jul

nlanla2.101,71601,7161,56501,565(151)0303

Aug

n/an/a1.761,43601,4361,43601,43600432

Sep
n/an/a1.511,23001,2301,23001,23000638

Oct
n/an/a1.098890889889088900979

Nov
n/an/a0.4234103413410341001,527

Dee
n/an/a0.4637903793790379001,489---- ..-- .._-

------------------- ..------------------------------- -------------------------- --------- .•..•.---- .•..•.------- .•.-----------------------------.....----------- ------------ --------- --..•-----

TOTAL
n/an/a12.009,80009,8009,80009,8000 12,613

a)
b)
c)
d)
e)
I)

g)
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INPUT

n/a = effective/total precipitation ratio (no units)
n/a = irrigation efficiency (no units)

9,800 = annual project irrigation demand (ac-IVyr]
20,00 = maximum recycled water supply available (mgd:

0.00 = maximum other water supply available (mgd:
3.00 = maximum reservoir inflow allowed (mgd)
3.00 = maximum reservoir outflow allowed (mgd)
151 = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand
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OUTPUT

2.10 = peak month lactor (no units)
n/a = irrigation application rate (IVyr)

9,800 = annual total demand (ac-IVyr)
1.00 = total supply/demand ratio (no units:
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

16.76 = maximum RW supply used (mgd)
0.00 = maximum other supply used (mgd)
0.81 = maximum reservoir inflow used (mgd)
1.61 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ac-ft)

Monthly Reservoir I Unused RW Supply
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F:IProjectsIPoweI1.207\CarlsbadPh 11.001\Reservoir\ReYMoSDS·3C-Ultimate
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 2D: With Mahr Reservoir Seasonal and Emergency Storage
SUPPLY: RW=8.00 mgd with loss of 149 ac-ft in February; Other=0.66 mgd
IJEMAND: Current @ 5,400 ac-Wyr

rORAGE: 0 ac-ft existing seasonal storage, 151 ac-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,
precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,

Month
ininRatioac-tt Cac-ttac-ttac-tt aac-tt eac-ttac-tt Tac-tt gac-tt

Jan

n/anla0.114904912401247676623
Feb

n/anfa0.1673073000(73)2747
Mar

nfanla0.3716801683170317149151430
Apr

nlanfa0.82370037037003700151377
May

nfan/a1.37615061561506150151132
Jun

nfanfa1.83824082474762809(15)1360
Jul

nlanla2.10945094574762809(136)(0)0

Aug

n/anla1.767910791747447910(0)0
Sep

nfanla1.51678067867806780(0)61)
Oct

n/anla1.094900490490049000257
Nav

n/anla0.421880188188018800559
Dee

nlanfa0.462090209209020900538----------
.•---_ ..-..------- -------- --- .•.------- ----- ------- .•.•.... -...•.--- •..-------- .•---------- .•.---- ----------..... --------------------------------- .•.....•.--------------------------_ ...•. ------- ........ ---.•._--

TOTAL
nfanla12.005,40005,4005,2321685,4000 3,733

a)

b)
c)
d)
e)

I)

g)

INPUT

n/a = effective/total precipitation ratio (no units)
nla = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-Itlyr)
8.00 = maximum recycled water supply available (mgd:
2.00 = maximum other water supply available (mgd:
8.00 = maximum reservoir inflow allowed (mgd)
8.00 = maximum reservoir outflow allowed (mgd)
151 = maximum reservoir working storage available (ac-ft)

Monthly Supply I Demand

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

OUTPUT

2.10 = peak month lactor (no units)

nla = irrigation application rate (ftlyr)
5,400 = annual total demand (ac-ftlyr)

1.00 = total supply/demand ratio (no units;
Jut = maximum irrigation demand month
Jan = minimum irrigation demand month

8.00 = maximum RW supply used (mgd)
0.66 = maximum other supply used (mgd)

1.60 = maximum reservoir inflow used (mgd)
1.46 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ac-ft)

Monthly Reservoir I Unused RW Supply
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion

SCENARIO 2D: With Mahr Reservoir Seasonal and Emergency Storage

SUPPLY: RW=8.00 mgd with loss of 151 ac-ft in March; Other=0.66 mgd

IJEMAND: Current @ 5,400 ac-fVyr

TORAGE: 0 ac-ft existing seasonal storage, 151 ac-ft required seasonal storage

Evapo-
SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,

Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,
Month

ininRatioac-tt eac-ttac-ttac-tt aac-tt eacottac-tt Jac-tt 9ac-tt

Jan

n/an/a0.114904912401247676623

Feb

n/anfa0.1673073149014976151598

Mar

nfan/a0.37168016817017(151 )0730

Apr

nfan/a0.8237003705210521151151226

May

n/an/a1.37615061561506150151132

Jun

nfan/a1.83824082474762809(15)1360

Jul

nfanfa2.10945094574762809(136)(0)0

Aug

nfanfa1.767910791747447910(0)0

Sep

n/anfa1.51678067867806780(0)69

Oct
n/an/a1.094900490490049000257

Nav
n/anfa0.421880188188018800559

Dee
n/anfa0.462090209209020900538----------

------ ----..----------- ---- ------- ---------.•.-------_ ..---- ..•..----..--..---- ------ ....-- .•.--- --..--- ..------- .•..•. --------------- .•....------------- ..---------- ..--- ...------------------ .•.---.-- ---

TOTAL
n/anfa12.005,40005,4005,2321685,400(0) 3,734

a)
b)

c)
d)
e)

I)

g)

INPUT

nla = effective/total precipitation ratio (no units)
nla = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-IVyr)
8.00 = maximum recycled water supply available (mgd:
2.00 = maximum other water supply available (mgd:
8.00 = maximum reservoir inllow allowed (mgd)
8.00 = maximum reservoir outflow allowed (mgd)
151 = maximum reservoir working storage available (ac-It)

Monthly Supply I Demand

1)
2)

3)
4)
5)
6)

7)
8)
9)

10)

11 )

OUTPUT

2.10 = peak month lactor (no units)
n/a = irrigation application rate (IVyr)

5,400 = annual total demand (ac-IVyr)
1.00 = total supply/demand ratio (no units;
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

8.00 = maximum RW supply used (mgd)
0.66 = maximum other supply used (mgd)
1.61 = maximum reservoir inflow used (mgd)
1.61 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ac-It)

Monthly Reservoir I Unused RW Supply
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Analysis of Monthly Supply/Demand/Storage Requirements

PROJECT: CMWD Recycled Water System Expansion
SCENARIO 2D: With Mahr Reservoir Seasonal and Emergency Storage
SUPPLY: RW=8.00 mgd with loss of 131 ae-ft in April; Other=0.66 mgd
f1EMAND: Current @ 5,400 ae-IVyr

,TORAGE: 0 ae-ft existing seasonal storage, 151 ae-ft required seasonal storage

Evapo- SeasonalProjectOtherTotalRWOtherTotalReser.Reser.Unused

transpir.,
Precip.,VariationDemand,Demand,Demand,Supply,Supply,Supply,Flow,Storage, RW Supp.,

Month
ininRatioacott Cac-ttac-ttac-tt aac-tt eac-ttac-tt 'ac-tt 9acott

Jan

nlan/a0.114904912401247676623
Feb

nfanfa0.1673073149014976151598
Mar

nfanfa0.37168016816801680151579

Apr
nfanla0.8237003702390239(131)20508

May
n/anfa1.37615061574707471321510

Jun
nfanfa1.83824082474762809(15)1360

Jul
nlanfa2.10945094574762809(136)(0)0

Aug

nfanfa1.767910791747447910(0)0
Sep

n/anfa1.51678067867806780(0)69
Oct

n/anfa1.094900490490049000257
Nov

nfanla0.421880188188018800559
Dee

nfanfa0.462090209209020900538----------
---------- ..----------------- ..----------- ....-------------------- ..--------------------------- .•... ------- ------..---------_ •....------- ------------------------------- -------------- _ ..--

TOTAL
n/anfa12.005,40005,4005,2321685,4000 3,733

a)
b)
c)
d)
e)
I)

g)

INPUT

n/a = effective/total precipitation ratio (no units)
n1a = irrigation efficiency (no units)

5,400 = annual project irrigation demand (ac-IVyr)
8.00 = maximum recycled water supply available (mgd:
2.00 = maximum other water supply available (mgd;
8.00 = maximum reservoir inflow allowed (mgd)
8.00 = maximum reservoir outflow allowed (mgd)
151 = maximum reservoir working storage available (ac-It)

Monthly Supply I Demand

1)
2)

3)
4)
5)

6)
7)
8)
9)

10)
11)

OUTPUT

2.10 = peak month factor (no units)
n/a = irrigation application rate (IVyr)

5,400 = annual total demand (ac-IVyr)
1.00 = total supply/demand ratio (no units:
Jul = maximum irrigation demand month
Jan = minimum irrigation demand month

8.00 = maximum RW supply used (mgd)
0.66 = maximum other supply used (mgd)
1.41 = maximum reservoir inflow used (mgd)
1.46 = maximum reservoir outflow used (mgd)
151 = maximum reservoir working storage used (ac-It)

Monthly Reservoir I Unused RW Supply
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